The mobile nylon bag technique (MNBT) may offer a simple, rapid means for assessing ileal AA digestibility of pig feed ingredients. In the present study, the effects of washing bags recovered from digesta, the amount and fineness of feeds, and feed trypsin inhibitor activity on apparent ileal digestibilities (AID) of CP and AA were determined with the MNBT. Twenty-four ileorectal anastomosed pigs (Yorkshire × Chinese Black barrows, 30 kg initial BW), of which 12 were fitted with duodenal T-cannulas, were used. Not washing the bags recovered from ileal digesta resulted in a reduction (P < 0.05) in apparent ileal digestibilities of CP and AA determined by MNBT. Washing the bags for more than 4 min overestimated (P < 0.05) the apparent ileal digestibilities of CP and AA
Introduction
Conventional ileal digestibility measurements are time-consuming and expensive. A relatively rapid and inexpensive method to measure digestibility in pigs that requires only small amounts of feed is the mobile nylon bag technique (MNBT), which was first suggested by Sauer et al. (1983) . Nylon bags containing 0.5 to 1.0 g of material were predigested in vitro and then inserted via a T-cannula into the duodenum and collected in the feces. Results reported by Sauer et al. (1983; and Leibholz (1991) indicated that the apparent fecal digestibility or apparent ileal digestibility of CP determined by MNBT was lower than the conventional method for some of the feeds that were evaluated. However, Schadereit et al. (1991) and Yin et al. (1995) reported that the apparent ileal digestibilities of CP and AA determined with MNBT were higher than those 
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compared with those determined with the anastomosed pigs. Sample size and fineness of grinding also affected (P < 0.05) apparent ileal digestibilities of CP determined by MNBT. The apparent ileal digestibilities of CP determined by MNBT were reduced (P < 0.05) when sample size exceeded 0.75 g and when feed was ground through screens with a mesh size of more than 1.0 mm. The closest agreement between results obtained by MNBT and a conventional ileal digestibility assay occurred when 0.75 g of feed ground through a 1.0-mm mesh screen was used per bag and bags were washed for 2 min after retrieval from digesta. Further studies are warranted to investigate the use of the mobile nylon bag technique for predicting the ileal digestibilty of AA for feeds containing antinutritional factors. determined with conventional methods. Several factors may be responsible for the differences between MNBT and conventional methods. These include fineness of grinding, sample size, antinutritional factors present in the feedstuff, and handling of the retrieved bags. Therefore, the present study was undertaken to investigate effects of some of these factors on the apparent ileal digestibilities of CP and AA.
Materials and Methods

Conventional Ileal Digestibility Studies
Two conventional digestibility experiments were conducted. The first experiment served as a control for determining the effects of washing time, sample size, and fineness of grinding on the apparent ileal digestibilities of CP and AA in MNBT studies. The second experiment was for determining the effect of the antinutritional factor trypsin inhibitor on MNBT and conventional CP and AA digestibilities.
Six (Exp. 1) and seven (Exp. 2) Yorkshire × Chinese Black barrows, with an average initial BW of approxi- Table 1 . Ingredient composition and crude protein, gross energy, neutral detergent fiber (NDF), and amino acid contents of the diets evaluated in Exp.1 of conventional ileal digestibility studies and in Exp. 1 to 3 of mobile nylon bag studies (on a dry matter basis) mately 30 kg, underwent ileorectal anastomosis according to the procedure described by Hennig et al. (1986) . The surgical procedures were sanctioned by the Chinese Academy Animal (scientific procedures) Act 1992.
After surgery, the pigs were housed individually in stainless steel metabolism crates in a temperature-controlled barn (20 to 22°C). During a 15-d recovery period, pigs were fed a commercial pig starter diet (19% CP, 3302 kcal/kg of DE). Following recovery, the pigs were fed one of six diets (Table 1) in Exp. 1 or one of the seven diets (Table 2) in Exp. 2 during six balance periods, according to a 6 × 6 (Exp. 1) or 7 × 7 (Exp. 2) Latin square design. Each balance period for both Exp. 1 and 2 consisted of a 7-d adaptation period and a 6-d ileal digesta collection period. Digesta were collected quantitatively, pooled per pig, and frozen at −40°C until freeze-drying.
The pigs were fed twice daily at 0800 and 1800. The feed allowance was at a rate of 2.4 times the ME requirements for maintenance (100.4 kcal ME × BW 0.75 ), as recommended by ARC (1981) . To compensate for reduced hindgut digestion and absorption resulting from anastomosis, the diets were supplemented with additional sodium chloride (4 g/kg diet), sodium bicarbonate (4 g/kg diet), and a trace element and vitamin premix (1 g/kg diet), as outlined by Hennig et al. (1986) . Water was offered ad libitum.
Mobile Nylon Bag Studies
Two sets of six Yorkshire × Chinese Black barrows with an average initial BW of approximately 30 kg un- Same batch of soybean was used for the three diets: the soybean used in Diet 1 was untreated; the soybean used in Diet 2 was heated at 110°C for 30 min, and the soybean used in Diet 3 was autoclaved at 125°C and a pressure of 0.1 MPa for 25 min. Same batch of black color soybean was used for the two diets: the black color soybean used in Diet 4 was untreated and that used in Diet 5 was autoclaved at 125°C and a pressure of 0.1 MPa for 25 min. derwent ileorectal anastomosis and were fitted with a duodenal T-cannula according to the procedures described by Sauer et al. (1983) and Hennig et al. (1986) . After surgery, pigs were housed and fed as described above for the conventional ileal digestibility studies.
Starting 15 d after surgery, pigs were fed a diet containing 320 g/kg wheat, 480 g/kg barley, 150 g/kg soybean meal, and 50 g/kg premix of macrominerals, trace elements, and vitamins. As in the conventional digestibility study, the diet was supplemented with additional sodium chloride (4 g/kg diet), sodium bicarbonate (4 g/ kg diet), and a trace element and vitamin premix (1 g/kg diet). Routine animal management and feeding regimes were similar to those described for the conventional digestibility study. It took 24, 18, 18, and 14 d to complete Exp. 1, 2, 3, and 4, respectively.
Monofilament nylon bags (25 × 40 mm; pore size of 40 µm; Beihua Trade Ltd., Beijing, China) were prepared as described by Schadereit et al. (1991) , filled with a feed sample, and sealed using heat. A total of six bags containing the same feed sample were placed in a beaker containing 75 mL of a solution consisting of deionized water with 0.01 N HCl (pH 2) and 0.1% of purified pepsin powder (pepsin EC 3.4.23.1; Cat. No. 7185, Merck Biochemica, Darmstadt, Germany) . The beaker was placed in a water bath at 37°C, and the content of the beaker was agitated at a rate of 90 oscillations/min for 4 h. Thereafter, the bags were re-moved from the beaker, rinsed carefully with deionized water and stored at −4°C.
The bags were thawed at room temperature and inserted into the pigs via the duodenal T-cannulas over a 5-min period while the pigs were eating the nylon bag experimental diet. During both the morning (0800 to 0830) and evening meals (1800 to 1830), three bags containing the same feed sample were inserted into each pig. Bags were isolated from excreted ileal digesta at hourly intervals between 0100 and 0800, and between 1400 and 2000 for determining bag passage time. After washing the bags with tap water in a washing machine (Tanshe-35, Shanghai, China) which had the same function as the Maytag Model 123 (General Electric), bag contents were pooled per pig, feed, and treatment, and frozen at −40°C until further processing.
The first set of six pigs was used to determine effects of washing retrieved bags (Exp. 1; four treatment), sample size (Exp. 2; three treatments), and fineness of grinding (Exp. 3; three treatments) on MNBT digestibility. The treatments were evaluated for each of the six diets and in such a manner that on a given day all pigs received bags containing the same diet and that were exposed to the same treatments. Every day, one treatment × diet combination was evaluated for each diet. All treatments were evaluated on four or three consecutive days. Experiments 1, 2, and 3 lasted 24, 18, and 18 d, respectively. For evaluating the effects of heat treatment of different types of soybeans on MNBT digestibility (Exp. 4), the second set of six pigs was used. This experiment lasted 17 d although the design was similar to that of Exp.1 to 3.
Experiment 1: Washing the Retrieved Bags. The
MNBT was used to determine the apparent ileal digestibilities of CP and AA in the six diets (Table 1) evaluated in the first conventional digestibility study. Samples of the diets were ground to pass through a 1.0-mm mesh screen (Wiley Mill, New York), and 0.75 g of material was placed in each bag. Each day, six bags containing the same diet and to be exposed to the same washing time (0, 2, 4, or 6 min) were inserted into each pig. After retrieval from digesta, the six bags were washed for 0, 2, 4, or 6 min. The contents of these six bags were then pooled for chemical analysis. Experiment 4: Trypsin Inhibitor Activity. The MNBT digestibility was determined in diets with varying trypsin inhibitor activity, resulting from differences in diet ingredient composition and heat treatment (Table 2). Diets were ground through 1.0-mm mesh screen, and 0.75 g of each diet was placed in each bag. Six bags were used per pig, and feed and the retrieved bags were washed for 2 min.
Chemical Analysis
Feed and freeze-dried ileal digesta were analyzed for CP and DM contents according to standard procedures of the Association of Official Analytical Chemists (AOAC, 1984) . For determination of AA contents, a 100-mg sample was prepared for acid hydrolysis using the method of AOAC (1984) . This involved digestion in 4 mL of 6 N HCl under vacuum for 16 h at 121°C, followed by analysis using a Shimadzu LC-4A HPLC (Shimadzu Biochrom Ltd. Japan). Trypsin inhibitor activity was determined according to Hamerstrand et al. (1981) .
Statistical Analysis
The data were subjected to analysis of variance with treatments (washing time, sample size, and fineness of grinding), as well as interactions between treatments, as sources of variation, using the GLM procedure of SAS (SAS Inst. Inc., Cary, NJ). Differences between means were compared using Duncan's multiple-range test (Snedecor and Cochran, 1989) .
Results
Experiment 1: Washing the Retrieved Bags
There was no interaction (P > 0.10) between feed and washing time in affecting MNBT digestibility of CP (Table 3) . Washing time influenced (P < 0.05) MNBT digestibility of CP. Not washing the bags (washing time = 0 min) resulted in lowest digestibility (P < 0.05), whereas a washing time of 4 or 6 min resulted in the highest digestibility (P < 0.05). A washing time of 2 min resulted in MNBT digestibility similar to those observed in anastomosed pigs.
The effects of washing time on MNBT digestibility of AA were similar to those observed for CP (Tables 4  and 5 ). The MNBT digestibilities of all AA were lowest at the 0-min and highest at the 4-or 6-min washing time (Table 4) . At a washing time of 2 min (Table 5) , MNBT digestibility values of AA were not different (P ≥ 0.05) from those observed in anastomosed pigs, except for arginine in rice seed, glycine in barley, proline in canola meal, and phenylalanine in jack bean.
Experiments 2 and 3: Sample Size and Fineness of Grinding
The apparent ileal digestibility of CP determined with the MNBT was lower (P < 0.05) when 1.00-g sam- Within a column, values with different superscript letters differ (P < 0.05).
ples were placed in the bags compared with that of 0.50 or 0.75 g ( Table 6 ). The effect of sample size on apparent ileal digestibility of AA determined with MNBT was similar to that for CP (Tables 7 and 8 ). With a sample size of 0.75 g, the MNBT digestibility values of AA were not different (P ≥ 0.05) from those observed in anastomosed pigs, except for glycine in rice seed, isoleucine in wheat, proline in barley, aspar- Table 5 . tic acid in canola meal, tyrosine in cotton seed meal, and histidine in jack bean (Table 8 ). There were no differences (P > 0.35) in apparent ileal digestibilities of CP and most of the AA observed in anastomosed pigs and MNBT when 0.50 g or 0.75 g of feed was used in each bag. Fineness of grinding of the feed also affected the MNBT digestibility of CP (Table 9 ). The greater particle sizes (2.0 and 3.0 mm) resulted in lower digestibility (P < 0.05) and greater SEM values than those determined with anastomosed pigs or with MNBT and a fineness of grinding of 1.0 mm. Effects of fineness of grinding on MNBT digestibility of AA were identical to those observed for CP (Tables 10 and 11 ). As shown in Table  11 , there were no differences in apparent ileal digestibilities of AA determined with anastomosis and MNBT when the fineness of grinding of feed was 1.0 mm.
Experiment 4: Trypsin Inhibitor Activity
The apparent ileal digestibilities of CP and AA determined with the anastomosed pigs were increased (P < 0.01) as a result of heat treatment in both common soybean and black soybean (Table 12 ). Heat treatment reduced trypsin inhibitor activity in the common soybean diet from 8.2 to 0.5 mg/g in and black soybean diet from 9.1 to 0.6 mg/g (Table 2 ).
Although the apparent ileal digestibilities of CP and AA in the two types of soybean determined with MNBT were increased (P < 0.05) by heat treatment, the magnitude of the response was much smaller than that observed in anastomosed pigs (P < 0.01). For both types of raw soybean, the apparent ileal digestibility values of CP and AA determined with the MNBT were higher (P < 0.05) than that obtained with the conventional ileal digestibility anastomosis method, except for threonine, glutamic acid, and glycine in the raw black soybean, where MNBT and conventional digestibility values were similar (P ≥ 0.05). There were no differences (P > 0.05) in the apparent ileal digestibility of CP and AA between the MNBT and conventional anastomosis method for the heated soybean or autoclaved soybean (Table 12) .
There were also no differences (P > 0.05) in the apparent ileal digestibilities of CP and AA between the two mixed diets or between the two apparent ileal digestibility methods used for evaluation of the two mixed diets, with the exception of a higher (P < 0.05) apparent ileal digestibility of proline in mixed Diet I determined with MNBT than anastomosis and a lower (P < 0.05) apparent ileal digestibility of isoleucine in mixed Diet II determined with MNBT than anastomosis (Table 12) . , 2000) . The information provides a reference for the MNBT data. Most of the MNBT studies were focused on the measurement of fecal digestibility of energy and CP (Sauer et al., 1983; de Lange et al., 1986; Sauer et al., 1989) . Cherian et al. (1988) reported a passage time of 36 h for nylon bags to appear in the feces. Leibholz (1991) observed a passage time of 3 h when nylon bags were retrieved from digesta at the terminal ileum via a Tcannula and forceps. In the present study, nylon bags Table 7 . Apparent ileal digestibilities (%) of amino acids determined with ileo-rectal anastomosis (IRA, Exp.1, n = 6) pigs and mobile nylon bag technique (MNBT, Exp. 2, n = 6) with a sample size of 0.50 or 1.00 gram Within a column and an amino acid, values with different superscript letters differ (P < 0.05).
Discussion
were retrieved at the end of ileum using ileo-rectal anastomosed pigs. On average it took 9 h for the inserted bags to be excreted, with a range from 6 to 12 h. The shorter passage time of bags and digesta in the small intestine of pigs fitted with a T-cannula may explain why the MNBT used by Leibholz (1991) underestimated the conventional ileal digestibility in those pigs as compared with anastomosed pigs. It is much easier to retrieve nylon bags from anastomosed pigs than from pigs with a T-cannula at the terminal ileum. For MNBT, feed was ground through a 1.0 mm mesh screen and washed for 2 min after retrieval.
b,c
Within a row, values with different superscript letters differ (P < 0.05). Table 9 . Apparent ileal digestibilities (%) of crude protein determined with ileo-rectal anastomosed (IRA, Exp.1, n = 6) pigs andmobile nylon bag technique (MNBT, Exp. 3, n = 6) with different fineness of grind of feed placed in the bags Within a column, values with different superscript letters differ (P < 0.05).
The discrepancies among different studies are likely due to differences in surgical procedures and method of bag retrieval. In the anastomosed pigs used in the present study, the ileum was cut 10 cm above the ileoceco-colic junction and the distal section was closed by a double invagination. The rectum was cut at the level of the pubic bone. These segments were thus completely disconnected from the functional gastrointestinal tract. The proximal section of the ileum and the distal section of the rectum were anastomosed end-to-end by individ- Within a column and an amino acid, values with different superscript letters differ (P < 0.05).
ual stitches. In this case, the anal sphincter in anastomosed pig functioned to retain the nylon bag longer in the new rectum, whereas the ileocecal valve in pigs fitted with T-cannulas pigs might not control the passage of the digesta and bags. Other procedural differences, such as sample size, might also contribute to the differences in observed ileal digestibility between the present study and that by Leibholz (1991) . However, it is well known that, as a result of an absence of colonic function, anastomosed pigs have frequent discharge of Table 11 . Values for the whole column (the seven diets and the two methods (IRA and MNBT).
e,f,g,h,i,j
Within a column, values without a common superscript letters differ (P < 0.05).
liquid and acidic digesta from the anus. The considerable discomfort associated with this frequent outpouring of materials makes the anastomosis technique undesirable from animal welfare standpoint. Washing bags that are retrieved from digesta is a relatively simple means of removing digesta attached to the outside of the bag. Yet washing will also remove some of endogenous protein, dietary protein, and either digested or undigested protein from the feed placed in the bag. Schadereit et al. (1991) reported that increasing the washing time of bags increased losses of endogenous protein from the bags. The current data suggest that some washing is required but that excessive washing will result in an overestimation of apparent protein and AA digestibility. Based on conditions used in the current study, the optimum washing time for retrieved bags would be 2 min.
Sample size and fineness of grinding will influence the exposure of the feeds inside the bag to digestive enzymes and likely affect the disappearance of digested nutrients from the bags. The effects of fineness of grinding on MNBT digestibility observed in the present study are consistent with conventional digestibility studies. Based on results obtained with anastomosed pigs, a sample size of 0.75 g and a fineness of grinding of 1.0 mm would provide the most appropriate MNBT digestibility values for a range of ingredients.
Various antinutritional factors affect digestive physiology and may influence the accuracy of the MNBT for determination of the nutrient digestibility. In the study by Leibholz (1991) , the digestibility in high-fiber diets determined with the MNBT was lower than those obtained conventionally. Although the NDF content in mixed Diet II was increased by 7% compared with the mixed Diet I, only a lower (P < 0.05) apparent ileal digestibility of isoleucine was observed in MNBT in this study. However, compared with the anastomosed pigs, the MNBT overestimates apparent protein and AA digestibilities in feeds that contain high levels of trypsin inhibitor activity. Apparently, effects of heat treatment, trypsin inhibitor activity, and likely other antinutritional factors on endogenous protein losses (Schulze et al., 1994) and possibly on real protein digestibility (de Lange et al, 1990) are not estimated properly with the MNBT.
Implications
Using a sample size of 0.75 g feed ground through a 1.0-mm screen, a predigestion procedure, and a washing time of 2 min for the retrieved bags, values of apparent ileal digestibilities of crude protein and amino acids determined with the mobile nylon bag technique were similar to those of a conventional digestibility study with ileorectal anastomosed pigs. However, the mobile nylon bag technique may not be appropriate for assessing apparent ileal digestibilties of protein and amino acids in diets containing trypsin inhibitor or other antinutritional factors that increase secretions of endogenous gut nitrogen.
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